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Voltage propagation through neurons is a complicated
process dependent on the concentrations and kinetics of
ion channels, as well as the morphology of the dendrites.
The task of recording the level of activation within differ-
ent parts of the neuron is challenging, given the small
size of the constituent structures, and the fast timescale
of the signals. Recently, a fast 3D scanning microscope
has been developed to address this question, with the use
of fluorescent calcium indicators [1]. The resulting data-
set consists of fluorescent traces from up to 50 locations
with a temporal resolution upward of 1kHz.
Our stimulation paradigms are generally trains of
action potentials, initiated at the soma, which propagate
backwards through the dendrites. Each back-propagating
spike results in a fluorescence transient, the amplitude of
which represents the relative degree of activation at each
location. Our analysis of this dataset consists of two
stages: First, the extraction of the amplitudes of the fluor-
escent transients from the noise corrupted signal. The
extraction is done both by a Bayesian linear model, and
more appropriately, a Sequential Monte Carlo particle fil-
ter, which takes into account the non-gaussian noise pro-
file of the microscope’s photodetector. The second phase
of analysis performs the fitting of the transient ampli-
tudes to a function representing the level of activation
a c r o s st h ew h o l ev i s i b l et r e e .T od ot h i s ,w eh a v e
extended existing methods in functional data analysis to
branched domains. This allows the entire dataset to con-
tribute to a single functional representation on a domain
that matches the physiology of the recorded neuron.
These analysis methods, as applied to fluorescent
traces from CA1 pyramidal neurons, reveal several inter-
esting behaviors. First, we see a clear decrease in the
amplitude of the fluorescence transient with distance
from the soma. This has been seen previously, and
attributed to a decremental propagation of the spike.
Second, a decrease in the distance of back-propagation
with successive spikes in a train is also seen. This is
attributed the slow-inactivation of sodium channels in
the dendrites given repetitive activation. Furthermore,
our data also shows a large effect of paired pre-synaptic
stimulation in extending the range of the back-propagat-
ing spike, the magnitude and range of which is depen-
dent on the position of the spike in the train.
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